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(57) ABSTRACT

There is provided a skin test diagnostic reagent comprising at
least one CFP-10 epitope polypeptide, at least one ESAT-6
epitope polypeptide and at least one Rv3615c epitope
polypeptide, the reagent eliciting a positive result when
administered in a skin test to an animal infected with Myco-
bacterium bovis or Mycobacterium tuberculosis. The reagent
is useful in that it can be used in a method to determine
whether an animal is infected with Mycobacterium bovis or
Mycobacterium tuberculosis.
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1
DIAGNOSTIC REAGENTS

FIELD OF INVENTION

The present invention relates to reagents for use in a skin
test for detection of mycobacterium infections, particularly
Mycobacterium tuberculosis and M. bovis, in mammals such
as cattle.

BACKGROUND

M. tuberculosis and M. bovis are important pathogens of
man and animals. M. tuberculosis is thought to infect up to a
third of the world’s human population, remaining undetected
during a latent phase of infection and reactivating to cause 10
million cases of tuberculosis and other diseases per year,
resulting in 2 million deaths (Corbett et al. (2003) Arch.
Intern. Med. vol. 163 pp 1009-1021). M. bovis, which has
more than 99.9% sequence identity with M. tuberculosis, is
the causative agent of bovine tuberculosis (BTB) and also
causes disease in human. BTB represents a significant eco-
nomic burden to the agricultural industries of various coun-
tries including the United Kingdom (Krebs (1997) “Bovine
Tuberculosis in Cattle & Badgers” HMSO, London, United
Kingdom).

The primary diagnostic test used in the control and surveil-
lance of bovine TB is the tuberculin skin-test, a test that has
remained in the forefront of TB diagnosis in both man and
cattle for over 100 years. The development of the test arose
following the preparation of the first ‘tuberculin’ by Robert
Koch in 1890. Whilst Koch’s tuberculin failed to live up to its
initial claims of having curative properties, its diagnostic
potential was quickly realised. The most common formats of
the test used in cattle are the caudal fold test (CFT), the single
intradermal cervical tuberculin test (SIT) and the single intra-
dermal comparative cervical tuberculin (SICCT) test (Mon-
aghan et al. (1994) Vet. Microbiol. vol. 40 pp 111-24). These
test formats use a purified protein derivative (PPD) tuberculin
prepared from a culture of M. bovis (PPD-B) as the primary
diagnostic antigen. Additionally, the SICCT test includes the
use of a M. avium derived PPD (PPD-A) to provide a measure
of environmental sensitisation. It is the most specific of the
tests (Plum (1931) Cornell Vet. vol. 21 pp 68-76; Stenius
(1938) Veterinary Record vol. 50 pp 633-7) and is, therefore,
the adopted test format in the UK.

In addition to skin tests, blood-based diagnostic assays that
measure antigen-induced lymphokine production such as the
interferon gamma (IFN-y) test are also under consideration.
The cytokine IFN-y appears to be critical in the development
of immunity to M. tuberculosis. For example, mice with a
disrupted IFN-y gene and also humans with a mutated IFN-y
receptor are highly susceptible to mycobacterial infections.
However, specificity constraints are associated with the use of
PPDinsuch assays. These arise due to the crude mixture of M.
bovis proteins that PPD contains, many of which are cross-
reactive with the BCG vaccine strain and environmental
mycobacterial species such as M. avium and M. intracellu-
lare.

Bovine TB is a significant and ongoing problem in the UK.
Cattle vaccination has been identified as one of the most
promising long term UK control strategies (Krebs (1997)
“Bovine Tuberculosis in Cattle & Badgers” HMSO) and the
development of an efficacious vaccine continues to be a
research priority. Currently, promising vaccines against
bovine TB are based on heterologous prime-boost combina-
tions that include the live attenuated M. bovis vaccine strain
Bacille Calmette-Guerin (BCG) as one of their components
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(Hogarth et al. (2006) J. Pharm. Pharmacol. vol. 58 pp 749-
57). However, as in humans, vaccination of cattle with BCG
compromises the specificity of the tuberculin skin-test since
PPD contains cross reactive antigens shared by both patho-
genic and vaccine strains (Berggren (1981) Br. Vet. J. vol. 137
pp 88-94; Buddle et al. (1999) Clin. Diagn. Lab. Immunol.
vol. 6 pp 1-5; Waddington & Ellwood (1972) Br. Vet. J. vol.
128 pp 541-52). Therefore, the development of diagnostic
tests that can differentiate vaccinated from infected animals,
so-called DIVA tests, are an essential pre-requisite to allow
the inclusion of BCG-based vaccination as part of bovine TB
control strategies.

Previous studies have demonstrated that diagnostic
reagents which distinguish between vaccinated and infected
cattle can be developed using specific, defined antigens that
are present in virulent M. bovis but absent from the BCG.
Genetic analysis of BCG has revealed that several large
genomic regions have been deleted during attenuation and
subsequent prolonged propagation in culture. These regions
have been characterised and antigens from one of these
regions, RD1, have been studied extensively in several spe-
cies including humans and cattle. For example, it has been
demonstrated that protein or polypeptide cocktails composed
oftwo RD1 region antigens, ESAT-6 and CFP-10, canbeused
to distinguish between M. bovis infected and BCG-vacci-
nated cattle.

The practical application of such DIVA reagents have so far
been largely realised through their use in blood-based inter-
feron-.gamma. (IFN-.gamma.) release assays (IGRAs). For
example, W0O2009/060184 disclosed several polypeptides
including epitopes from Rv3615¢ which were found to be
useful to detect M. bovis infection, using such an assay. This
polypeptide has also been confirmed as useful to detect M.
tuberculosis infection in humans (Millington et al. (2011)
Proc. Natl. Acad. Sci. USA vol. 108 pp 5730-5735). Rv3615¢c
is referred to herein using the M. tuberculosis genome anno-
tation. In the M. bovis genome, it is annotated as Mb3645¢c.

Given the high level of familiarity and wide-spread appli-
cation of the tuberculin skin-test by veterinarians and clini-
cians, a DIVA skin-test format would provide a valuable
additional test platform. This might especially be the case
where the logistics of access to laboratory-based resources is
problematic. It is also notable that, in recent years, there has
also been renewed interest in a skin-test based DIVA test for
human TB with several reports demonstrating the skin-test
potential of ESAT-6 (Aggerbeck & Madsen (2006) Tubercu-
losis (Edinb.) vol. 86 pp 363-73; Arend et al. (2000) J. Infect.
Dis. vol. 181 pp 1850-4; Wu et al. (2008) Clin. Exp. Immunol.
vol. 152 pp 81-7). However, Whelan et al. (Infect. Immun.
(2003) col. 71 pp 6420-6425) found that ESAT-6 was not
effective on its own as a skin test reagent in cattle assessed
using measurement of skin induration at the injection site.
The addition of a synthetic bacterial lipopeptide adjuvant was
required before ESAT-6 proved useful in cattle. It is prefer-
able to avoid the use of adjuvants in a skin test reagent, since
repeat skin test injections (as is required to monitor the health
of, for example, a herd of dairy cattle) may lead to the sensi-
tisation of non-tuberculosis infected animals, so that the skin
test would cease to be useful to differentiate between infected
animals and uninfected but vaccinated animals.

The present invention accordingly addresses the problem
of'providing discriminatory diagnostic reagents for the detec-
tion of mycobacterial infections using a DIVA skin-test for-
mat.

SUMMARY OF INVENTION

According to a first aspect of the invention, there is pro-
vided a skin test diagnostic reagent comprising at least one
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CFP-10 epitope polypeptide, at least one ESAT-6 epitope
polypeptide and at least one Rv3615c epitope polypeptide,
characterised in that the diagnostic reagent is capable of elic-
iting a positive result when administered in a skin test to an
animal infected with Mycobacterium bovis or Mycobacte-
rium tuberculosis. In one embodiment, the reagent does not
comprise an adjuvant, i.e., a reagent that assists in propagat-
ing an immune response to enhance the eftect of the diagnos-
tic reagent but which does not itself induce an immune
response. An example is a bacterial lipopeptide and the
skilled person is readily able to determine the identity of a
suitable adjuvant in a given context.

This invention arises from the inventors’ discovery that this
particular combination of polypeptides (CFP-10, ESAT-6 and
Rv3615¢ or fragments thereof) provides unexpectedly good
results when used in a skin test for bovine tuberculosis. CFP-
10 has not previously been assessed for use in a skin test.
Furthermore, the inventors have found that ESAT-6 is only
useful in a skin test in cattle when used in conjunction with an
adjuvant. The inventors have now surprisingly found that
using both proteins in combination with an Rv3615c epitope
polypeptide elicited more accurate and sensitive results than
when any of the three proteins is used alone. Advantageously,
this combination of proteins enables the use of a skin test
capable of distinguishing between M. bovis and/or M. tuber-
culosis infected animals and animals which have been vacci-
nated against infection by M. bovis and/or M. tuberculosis, for
example, with a BCG vaccine.

The animal may be a mammal such as a cow, a badger or a
human being.

The term “epitope polypeptide”, as used throughout this
specification, indicates a polypeptide which includes one or
more (or all) epitopes of the relevant protein. Therefore, for
example, a CFP-10 epitope polypeptide indicates the full
length CFP-10 protein or a fragment thereof which includes
at least one CFP-10 epitope. The term “epitope” refers to the
amino acids (typically a group of around 5 or more amino
acids) within a polypeptide sequence which are essential in
the generation of an immune response and which can, there-
fore, be used in a diagnostic test. The immune response may
be an antibody mediated immune response, but may also be a
non-antibody mediated immune response, for example, an
immune response which can be detected by means of a cell-
mediated immunity (CMI) assay. Therefore, the epitope may
be one which is recognisable by a T cell, for example by
binding of a T cell receptor to the epitope.

The epitope may comprise amino acids occurring consecu-
tively in the protein or fragment, or the amino acids forming
the epitope may be spaced apart from one another in the
protein or fragment. In the latter case, the nature of the amino
acids between the amino acids forming the epitope may not be
crucial to the activity and may be varied, provided that the
tertiary structure of the epitope is maintained, for example so
that an immune response such as a cell-mediated immune
response can occur in response to the presence of the epitope.
Determination of the amino acids which form an epitope or
part of an epitope can be undertaken using routine methods.
For example, one of a series of small mutations such as point
mutations may be made to a polypeptide and the mutated
polypeptide assayed to determine whether the immunogenic
or diagnostic activity has been retained. Where it has, then the
variant retains the epitope. If activity has been lost, then the
mutation has disrupted the epitope and so must be reversed.

Whether or not a particular fragment includes an epitope is
readily determined by the skilled person, for example, by
exposing the fragment to an antibody and determining
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whether the antibody binds to the fragment, or by use of a
CMI assay as described above.

The skin test referred to herein may be any of a CFT, SIT or
SICCT test, as described in the Office International des Epi-
zooties (OIE) Manual of Diagnostic Tests and Vaccines for
Terrestrial Animals (ISBN-10:92-9044-718-4). The manual
provides information, definitions and guidelines on positive
test criteria. Therefore, when the diagnostic reagent accord-
ing to the invention elicits a positive result when administered
in a skin test such as one of those mentioned above, this is
determined, for example, by detection of an increased thick-
ness and/or induration of skin at the site at which the diag-
nostic reagent has been injected, using callipers, for example.
The skin thickness may ideally be determined, for example,
prior to injection (to provide a starting thickness for compari-
son after injection) and at one or more of, for example, about
24, 36, 48, 72, 96 or about 120 hours after injection of the
diagnostic reagent. Determining skin thickness at about 72
hours after injection is typical. Thickness may be determined
at any time period after injection, provided that, when results
from different tests are compared, they are compared after
substantially the same time period after injection (e.g.,
between 1 and 10 hours before or after one of the time points
mentioned above such as the 72 hour time point, for example,
between 3 and 7 hours before or after or about 5 hours before
or after).

The diagnostic reagent of the invention may comprise one
or more of the three polypeptides having amino acid
sequences SEQ ID NOs:35, 36 and 38, i.e., full length CFP-
10, ESAT-6 and Rv3615c, respectively. In one embodiment,
the diagnostic reagent comprises all of SEQ ID NOs:35, 36
and 38.

Alternatively or additionally, the diagnostic reagent may
compriseatleast1,2,3,4,5,6,7,8,9or 10 polypeptides each
having one of amino acid sequences SEQ ID NOs:1-10.
These sequences are polypeptides which are overlapping
fragments of CFP-10 which are CFP-10 epitope polypep-
tides, i.e., each of them contains at least one CFP-10 epitope.

Alternatively or additionally, the diagnostic reagent may
comprise at least 1,2,3,4,5,6,7,8,9, 10 or 11 polypeptides
each having one of amino acid sequences SEQ ID NOs:11-
21. These sequences are polypeptides which are overlapping
fragments of ESAT-6 which are ESAT-6 epitope polypep-
tides, i.e., each of them contains at least one ESAT-6 epitope.

Alternatively or additionally, the diagnostic reagent may
comprise atleast 1,2,3,4,5,6,7,8,9, 10, 11 or 12 polypep-
tides each having one of amino acid sequences SEQ ID NOs:
23-34. These sequences are polypeptides which are overlap-
ping fragments of Rv3615¢ which are Rv3615¢ epitope
polypeptides, i.e., each of them contains at least one Rv3615¢
epitope. For example, the diagnostic reagent may comprise
the polypeptides having one or more of amino acid sequences
SEQ ID NOs:29, 30, 31, 32, 33 and 34, for example, one or
more of amino acid sequences SEQ ID NOs:31, 32 and 34, or
one or both of amino acid sequence SEQ ID NOs:33 and 34,
or may comprise the polypeptides having amino acid
sequence SEQ ID NOs:23-33, or may comprise the polypep-
tides having amino acid sequence SEQ ID NOs:23-34. In any
of these embodiments, the diagnostic reagent may further
comprise at least one of the polypeptides having amino acid
sequences SEQ ID NOs:22 or 37.

The diagnostic reagent may further comprise at least one
MPB83 epitope polypeptide, for example a polypeptide hav-
ing amino acid sequence SEQ ID NO:37. This sequence is the
amino acid sequence of MPB83 (identified in WO97/08322).
The inventors surprisingly found that including this protein
elicited more accurate and sensitive results when combined
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with CFP-10 and ESAT-6 proteins, even though MPB83 pro-
tein alone has poor IFN-y inducing capacity, in comparison to
CFP-10 and ESAT-6. Alternatively or additionally, the diag-
nostic reagent may comprise at least one polypeptide having
amino acid sequence SEQ ID NO:22. This sequence is a
MPB83 epitope polypeptide, i.e., it contains at least one
MPB83 epitope.

The diagnostic reagent may further comprise at least one
MPB70 epitope polypeptide, for example a polypeptide hav-
ing amino acid sequence SEQ ID NO:39. This sequence s the
amino acid sequence of MPB70.

The diagnostic reagent may comprise any combination of
one or more of the polypeptides having amino acid sequences
SEQ ID NOs:1-39, provided that at least one CFP-10 epitope
polypeptide, at least one ESAT-6 epitope polypeptide and at
least one Rv3615¢c epitope polypeptide is included. The
polypeptides may be included in the diagnostic reagent in
individual form, or in the form of one or more fusion proteins.
For example, a fusion protein comprising SEQ ID NOs:35,36
and 38 may form the diagnostic reagent according to the
invention.

In one embodiment, the diagnostic reagent comprises the
polypeptides having amino acid sequences SEQ ID NOs:1-
22, 31, 32 and 34, or the polypeptides having amino acid
sequences SEQ ID NOs:1-22, 30, 32 and 33, or the polypep-
tides having amino acid sequences SEQ ID NOs:1-22, 32,33
and 34, or comprises the polypeptides having amino acid
sequences SEQ ID NOs:1-22, 33 and 34. In an alternative
embodiment, the diagnostic reagent comprises the polypep-
tides having amino acid sequences SEQ ID NOs:1-33, or
comprises the polypeptides having amino acid sequences
SEQ ID NOs:1-34.

The diagnostic reagent may be for use in a method of
detecting Mycobacterium bovis or Mycobacterium tubercu-
losis infection in an animal using a skin test.

The diagnostic reagent may be in the form of a sterile
injectable preparation which may be an aqueous or an oleagi-
nous suspension, or a suspension in a non-toxic parenterally-
acceptable diluent or solvent. The aqueous suspension may
be prepared in, for example, mannitol, water, Ringer’s solu-
tion or isotonic sodium chloride solution. Alternatively, it
may be prepared in phosphate buffered saline solution. The
oleaginous suspension may be prepared in a synthetic
monoglyceride, a synthetic diglyceride, a fatty acid or a natu-
ral pharmaceutically-acceptable oil. The fatty acid may be an
oleic acid or an oleic acid glyceride derivative. The natural
pharmaceutically-acceptable oil may be an olive oil, a castor
oil, or a polyoxyethylated olive oil or castor oil. The oleagi-
nous suspension may contain a long-chain alcohol diluent or
dispersant, for example, Ph. Helv.

In an embodiment, the diagnostic reagent is able (and,
therefore, allows a user) to differentiate between an M. bovis-
and/or M. tuberculosis-infected animal and an animal vacci-
nated against M. bovis or M. tuberculosis (for example, an
animal vaccinated with the live attenuated vaccine BCG).

According to a second aspect of the invention, there is
provided a method of detecting Mycobacterium bovis or
Mycobacterium tuberculosis infection in an animal compris-
ing conducting a skin test on the animal using at least one
diagnostic reagent according to the first aspect of the inven-
tion. The animal may be a mammal, for example a cow, a
badger or a human being. The method may further comprise
a step of correlating a positive skin test result with infection of
an animal with Mycobacterium bovis or Mycobacterium
tuberculosis and a step of diagnosing said animal as being
infected by Mycobacterium bovis or Mycobacterium tuber-
culosis.
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“Using” and “use” of polypeptides and diagnostic reagents
in the skin test included in method according to this aspect of
the invention typically involves intradermal injection of the
polypeptide(s) and/or diagnostic reagent into the animal. A
skin test for use in the invention may be conducted as
described in OIE Manual of Diagnostic Tests and Vaccines for
Terrestrial Animals, as mentioned above.

According to a third aspect of the invention, there is pro-
vided a diagnostic kit comprising a diagnostic reagent
according to the first aspect of the invention. The diagnostic
kit may be for use in the method of the second aspect of the
invention. The diagnostic reagent may be in liquid form, as
outlined above, or may be in solid (for example, lyophilised)
form. It may be included in the kit in the form of at least one
aliquot of 0.05-0.15 ml containing 1-15 pg of each polypep-
tide contained in the diagnostic reagent. For example, the kit
may comprise aliquots of about 0.05 ml, about 0.06 ml, about
0.07 ml, about 0.08 ml, about 0.09 ml, about 0.1 ml, about
0.11 ml, about 0.12 ml, about 0.13 ml, about 0.14 ml or about
0.15 ml, containing 1-15 pg, for example, 3-12 ug or 5-10 ug
of'each epitope polypeptide, for example, about 5 ng, about 6
ng, about 7 pug, about 8 g, about 9 pug or about 10 pug of each
epitope polypeptide. Each aliquot may be contained in a
disposable injection device. The kit may further comprise at
least one sample of PPD. The diagnostic reagent may be able
to detect a M. bovis or M. tuberculosis infection in a mammal
and may be able to differentiate between an M. bovis- or M.
tuberculosis-infected mammal and a mammal vaccinated
against infection by M. bovis or M. tuberculosis.

The present invention also encompasses diagnostic
reagents comprising variants of the epitope polypeptides and
methods utilising these variant polypeptides. As used herein,
a “variant” means a polypeptide in which the amino acid
sequence differs from the base sequence from which it is
derived in that one or more amino acids within the sequence
are substituted for other amino acids. The variant is a func-
tional variant, in that the functional characteristics of the
polypeptide from which the variant is derived are maintained.
For example, a similar immune response is elicited by expo-
sure of an animal, or a sample from an animal, to the variant
polypeptide as to the non-variant. In particular, any amino
acid substitutions, additions or deletions must not alter or
significantly alter the tertiary structure of one or more
epitopes contained within the polypeptide from which the
variant is derived. The skilled person is readily able to deter-
mine appropriate functional variants and to determine the
tertiary structure of an epitope and any alterations thereof,
without the application of inventive skill.

Amino acid substitutions may be regarded as “conserva-
tive” where an amino acid is replaced with a different amino
acid with broadly similar properties. Non-conservative sub-
stitutions are where amino acids are replaced with amino
acids of a different type.

By “conservative substitution” is meant the substitution of
an amino acid by another amino acid of the same class, in
which the classes are defined as follows:

Class Amino acid examples

Nonpolar: Ala, Val, Leu, Ile, Pro, Met, Phe, Trp
Uncharged polar: Gly, Ser, Thr, Cys, Tyr, Asn, Gln
Acidie: Asp, Glu

Basic: Lys, Arg, His.

As is well known to those skilled in the art, altering the
primary structure of a polypeptide by a conservative substi-
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tution may not significantly alter the activity of that polypep-
tide because the side-chain of the amino acid which is inserted
into the sequence may be able to form similar bonds and
contacts as the side chain of the amino acid which has been
substituted out. This is so even when the substitution is in a
region which is critical in determining the polypeptide’s con-
formation.

As mentioned above, non-conservative substitutions are
possible provided that these do not disrupt the tertiary struc-
ture of an epitope within the polypeptide, for example, which
do not interrupt the immunogenicity (for example, the anti-
genicity) of the polypeptide.

Broadly speaking, fewer non-conservative substitutions
will be possible without altering the biological activity of the
polypeptide. Suitably, variants may be at least 50% identical,
60% identical, for example at least 75% identical, such as at
least 90% identical to the base sequence.

Sequence identity between amino acid sequences can be
determined by comparing an alignment of the sequences.
When an equivalent position in the compared sequences is
occupied by the same amino acid, then the molecules are
identical at that position. Scoring an alignment as a percent-
age of identity is a function of the number of identical amino
acids at positions shared by the compared sequences. When
comparing sequences, optimal alignments may require gaps
to be introduced into one or more of the sequences, to take
into consideration possible insertions and deletions in the
sequences. Sequence comparison methods may employ gap
penalties so that, for the same number of identical molecules
in sequences being compared, a sequence alignment with as
few gaps as possible, reflecting higher relatedness between
the two compared sequences, will achieve a higher score than
one with many gaps. Calculation of maximum percent iden-
tity involves the production of an optimal alignment, taking
into consideration gap penalties. The percentage sequence
identity may be determined using the BLASTP software
using default parameter settings.

According to a fourth aspect of the invention there is pro-
vided a diagnostic reagent according to a first aspect of the
invention for use in a method for diagnosing infection of an
animal by Mycobacterium bovis or Mycobacterium tubercu-
losis, the method comprising the steps of conducting a
method according to the second aspect of the invention on the
animal and correlating a positive skin test result with infec-
tion of the animal by Mycobacterium bovis or Mycobacte-
rium tuberculosis, hence diagnosing the animal as being
infected with Mycobacterium bovis or Mycobacterium tuber-
culosis.

Throughout the description and claims of this specifica-
tion, the words “comprise” and “contain” and variations of
the words, for example “comprising” and “comprises”, mean
“including but not limited to” and do not exclude other moi-
eties, additives, components, integers or steps. Throughout
the description and claims of this specification, the singular
encompasses the plural unless the context otherwise requires.
In particular, where the indefinite article is used, the specifi-
cation is to be understood as contemplating plurality as well
as singularity, unless the context requires otherwise.

Any features of each aspect of the invention may be as
described in connection with any of the other aspects.

Other features of the present invention will become appar-
ent from the following examples. Generally speaking, the
invention extends to any novel one, or any novel combination,
of the features disclosed in this specification (including the
accompanying claims and drawings). Thus, features, inte-
gers, characteristics, compounds or chemical moieties
described in conjunction with a particular aspect, embodi-
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ment or example of the invention are to be understood to be
applicable to any other aspect, embodiment or example
described herein, unless incompatible therewith.

Moreover, unless stated otherwise, any feature disclosed
herein may be replaced by an alternative feature serving the
same or a similar purpose.

BRIEF DESCRIPTION OF FIGURES

Particular non-limiting examples of the present invention
will now be described with reference to the following Figures,
in which:

FIG. 1 shows protein-cocktail induced skin-test responses
in cattle, with A showing comparative SICCT PPD responses
[(PPD-B)-(PPD-A)] and B showing responses induced by a
cocktail of 10 pg each of the proteins ESAT-6, CFP-10,
MPB70;,

FIG. 2 shows the in vitro capacity of antigens to induce
IFN-y in blood from cattle naturally exposed to M. bovis
(n=37), determined for the proteins ESAT-6, CFP-10, MPB70
and MPBR83 either individually (5 ng/ml) or as a combined
protein cocktail (5 pg/ml per constituent);

FIG. 3 shows skin-test dose titration protein-cocktail com-
prising ESAT-6, CFP-10, MPB70 and MPBS83 proteins in
cattle that were naturally exposed to M. bovis (n=19);

FIG. 4 shows skin-test specificity of the protein cocktail
compromising ESAT-6, CFP-10, MPB70 and MPB83 pro-
teins (10 pg for each component) and for the SICCT-test
[(PPD-B)-(PPD-A)] in naive TB-free (n=19) and BCG vac-
cinated (n=20) cattle;

FIG. 5 shows skin-test responses induced by the SICCT-
test [(PPD-B)-(PPD-A)] and a selection of protein and pro-
tein fragment polypeptide based antigen combinations, deter-
mined in cattle naturally exposed to M. bovis (n=13);

FIG. 6 shows skin-test responses induced by ESAT-6, CFP-
10, MPB83 and Rv3615¢ proteins, determined either indi-
vidually (10 ug) orin combination (10 ug per protein) in cattle
naturally exposed to M. bovis (n=12);

FIG. 7 shows the skin-test performance of an ESAT6/
CFP10 based diagnostic protein fragment polypeptide cock-
tail that additionally includes 11 Rv3615¢ protein fragment
polypeptides, measured in SICCT-test positive (reactor)
cattle (n=15); and

FIG. 8 shows the skin-test performance of an ESAT6/
CFP10/MPB83/Rv3615¢ protein cocktail, an ESAT6/
CFP10/Rv3615c protein cocktail, an ESAT6/CFP10 protein
fragment polypeptide cocktail and an ESAT6/CFP10/
Rv3615c protein fragment polypeptide cocktail, measured in
SICCT-test positive (reactor) cattle (n=15).

EXAMPLES
Materials and Methods

Animals

To investigate the skin-test performance of defined anti-
gens in cattle naturally exposed to M. bovis, SICCT reactor
cattle were recruited from UK farms with a confirmed history
of'bovine TB (convenience sampling dependent on availabil-
ity). Animals were identified during routine surveillance
operations where their SICCT response [(PPD-B)-(PPD-
A)]>2 mm and housed in secure segregated bio-containment
facilities at the Veterinary Laboratories Agency (VLA). A
total of 62 reactors were used in the study which included 21
male and 41 female cattle of 7 different breeds, including
dairy and beef stock. Age at time of study skin-test investi-
gations ranged from 9 months to 11 years, with a median age
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of 21 months. All reactors underwent detailed post mortem
examination to assess for presence of M. bovis infection, in
accordance with previously described procedures (Vorder-
meier et al. (2002) Infect. Immun. vol. 70 pp 3026-32). Vis-
iblelesions consistent with bovine TB and/or culture isolation
of M. bovis were confirmed in 55 of these reactors.

For the specificity studies, Holstein-Friesian castrated
male cattle (n=54) were sourced from UK TB-free farms and
housed at VLA in separate accommodation from the reactors.
A cohort of these calves (n=20) were neo-natally vaccinated
with BCG to allow DIVA evaluation of reagents. A single
dose of 1x10° CFU of BCG Danish (Staten Serum Institute,
Sweden) was administered subcutaneously to each of these
calves at 4-6 weeks of age. Where a second skin-test was
performed in some cattle during the study, the second skin-
test was performed no earlier than 62 days later. All cattle
experiments were cleared by local ethical review and animal
procedures under a license granted by the British Home
Office.

Antigens

Bovine and avian PPDs were supplied by the VLA Tuber-
culin Production Unit. Histidine tagged recombinant proteins
were expressed in Escherichia coli and purified by nickel
affinity chromatography.

MPB70, MPB83, ESAT-6 and CFP-10 were supplied by
Lionex Diagnostics and Therapeutics GmbH (Germany) and
Rv3615¢ was produced at the Agri-Food and Biosciences
Institute (Belfast, Northern Ireland). The Rv3615c synthetic
protein fragment polypeptides (SEQ ID NOs:23-34) were
synthesised by solid phase F-moc chemistry and supplied ata
purity of >90% (Pepceuticals Ltd, UK). The identity of each
polypeptide was confirmed by mass spectrometry. For
ESAT-6 and CFP-10, 16mer protein fragment polypeptides
with 8 amino acid overlaps of the complete protein sequences
were used (21 polypeptides in total, having SEQ ID NOs:1-10
for CFP10 polypeptides and SEQ ID NOs:11-21 for ESAT-6
polypeptides).

For MPB83, a single 20mer protein fragment polypeptide
(SEQ ID NO:22) that had previously been shown to encode a
bovine T-cell epitope (p195-214) was used (Vordermeier et
al. (1999) Clin. Diagn. Lab. Immunol. vol. 6 pp 675-82).
Similarly, for Rv3615¢c, in initial experiments three bovine
T-cell epitope-encoding 20mer protein fragment polypep-
tides were used (p65-84 (SEQ ID NO:31), p73-92 (SEQ ID
NO:32) and p84-103 (SEQ ID NO:34)) (Sidders et al. (2008)
Infect. Immun. vol. 76 pp 3932-9). In subsequent experi-
ments, a cocktail of SEQ ID NOs:23-33 was used.

All proteins and polypeptides and cocktails were prepared
in phosphate buffered saline (PBS), pH7.4, for use in the
following experiments.

Skin Test Procedures

The disclosing SICCT field-test was performed and inter-
preted according to OIE Manual of Diagnostic Tests and
Vaccines for Terrestrial Animals. For the evaluation of
defined antigen combinations at VLA, up to 8 intradermal
injection sites were used on each animal, 4 on each side of the
neck. PPD-B and PPD-A (2500 IU) were always included at
each test and all antigens were administered in a 0.1 ml
volume. Defined antigens were tested at a concentration 10 pug
whether used individually or as a component of a cocktail
unless otherwise stated. Skin-induration at administration
sites was measured using callipers by the same operator for all
experiments. Measurements were recorded prior to and at 72
hours post skin-test and, additionally, at 96 and 120 hours for
some experiments. Results are expressed as the difference in
skin thickness (mm) between the pre and post skin-test read-
ings.
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IFN-y Whole Blood ELISA

Heparinised whole blood cultures were stimulated with
either PPD-A (10 pg/ml), PPD-B (10 pg/ml), recombinant
protein antigens (5 pg/ml), protein cocktail (5 pg/ml per con-
stituent), staphylococcal enterotoxin B (SEB) (1 pg/ml
Sigma-Aldrich, UK) or no-antigen control. Cultures were set
up within 8 hours of blood collection and cultured at 37°
C./5% CO,. Antigen stimulated IFN-y was measured in 24
hour whole blood culture supernatants using the commer-
cially available BOVIGAM® ELISA (Prionics AG, Switzer-
land). Results are expressed as the background-corrected
optical density measured at 450 nm (OD 5,,,.)-

Statistical Analysis

Differences in response magnitude between different anti-
gen combinations were compared by repeated measures
ANOVA, with application of Bonferroni’s Multiple Com-
parison post-analysis test. Differences between antigen
responder frequencies were analysed using the Fisher Exact
Test. These statistical analyses and Receiver Operator Curve
(ROC) analysis were performed using the Prism 5 software
program (Graphpad Inc, USA).

Results

A Defined Protein Cocktail of MPB70, MPB83, ESAT-6
and CFP-10 Induces Skin-Test Responses in Naturally
Infected Cattle

To assess the potential of defined antigens as diagnostic
skin-test reagents, the inventors initially formulated a cock-
tail comprising the purified recombinant M. bovis/M. tuber-
culosis protein antigens ESAT-6, CFP-10, MPB70 and
MPBS83. MPB70 and MPB83 were included in the cocktail
since they had previous demonstrated DIVA skin-test poten-
tial in guinea model of M. bovis infection (Vordermeier et al.
(1999) Clin. Diagn. Lab. Immunol. vol. 6 pp 675-82). In 37
SICCT positive cattle, the protein cocktail induce a response
in 29/37 (78%) of these cattle at 72 hours post-test (FIG. 1).
The increase in skin induration for each animal is represented
by an open circle, the horizontal line provides the mean
(+SEM) with results expressed as the difference in skin thick-
ness (mm) between the pre and post skin-test readings. Sta-
tistical difference between responses was determined using
by ANOVA (* p<0.03, ** p<0.01, *** p<0.001).

Skin reactions were additionally measured at 96 and 120
hours since it has previously been reported that the develop-
ment of bovine skin-test responses to ESAT-6 continued to
increase after 72 hours (Pollock et al. (2003) J. Clin. Micro-
biol. vol. 41 pp 1856-60). In comparison with the 72 hour
reactions, the SICCT responses were significantly reduced at
96 and 120 hours post-test (FIG. 1). The magnitude of protein
cocktail-induced reactions was comparable at each time
point.

Measurement of antigen induced IFN-y in whole blood
cultures set up on the day of the skin-test demonstrated that
ESAT-6 and CFP-10 were the most strongly recognised con-
stituent antigens in the protein cocktail in vitro (FIG. 2). The
in vitro capacity of antigens to induce IFN-y in blood from
cattle naturally exposed to M. bovis (n=37) was determined
for ESAT-6, CFP-10, MPB70 and MPBS3 either individually
(5 pg/ml) or as a combined protein cocktail (5 pg/ml per
constituent). Responses induced by PPD-B (10 pg/ml), SEB
(1 pg/ml) or no-antigen control were also determined. The
antigen induced IFN-y response for each animal is repre-
sented by an open circle, the horizontal line provides the
mean (xSEM) with results expressed as the background-
corrected optical density measured at 450 nm (OD,5,,,,,)-

The protein cocktail was next tested at a titrated dose
concentration of 10, 5 and 1 pg for each cocktail component.
The respective responses in a cohort of 19 of the previously
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tested reactors are shown in FIG. 3. A skin-test dose titration
was determined for the protein cocktail compromising ESAT-
6, CFP-10, MPB70 and MPBS3 in cattle that were naturally
exposed to M. bovis (n1=19). The protein cocktail was admin-
istered at a concentration of 10, 5 and 1 pg for each antigen
component. Protein cocktail and SICCT [(PPD-B)-(PPD-A)]
responses measured at 72 hours for each animal are repre-
sented by an open circle, the horizontal line provides the
mean (+SEM) with results expressed as the difference in skin
thickness (mm) between the pre and post skin-test readings.
Statistical difference between responses induced by the pro-
tein cocktails was determined using by ANOVA (* p<0.05,
% 5<0.001). Skin-test responses were comparable between
the 10 and 5 pg dose but significantly reduced at the 1 ug dose
demonstrating a dose response. For all further experiments, a
skin-test concentration of 10 pg per defined antigen compo-
nent was used.

The specificity of this protein cocktail was first determined
in naive cattle (n=20). The cocktail induced no measurable
response in any of these animals when reactions were read at
72 hours (FIG. 4). Skin-test responses were measured for the
protein cocktail compromising ESAT-6, CFP-10, MPB70 and
MPB83 (10 pg for each component) and for the SICCT-test
[(PPD-B)-(PPD-A)] in naive TB-free (n=19) and BCG vac-
cinated (n=20) cattle. In FIG. 4, responses measured at 72
hours for each animal are represented by an open circle, the
horizontal line provides the mean (+xSEM) with results
expressed as the difference in skin thickness (mm) between
the pre and post skin-test readings. Whilst all SICCT
responses were also negative, measurable PPD-A biased
responses did indicate some sensitisation of these animals by
environmental mycobacteria. Reactions were additionally
measured at 96 and 120 hours. For all further experiments,
reactions were only recorded at 72 hours post-test.

The DIVA potential of the protein cocktail was evaluated
using 3-month old calves that had been neo-natally vacci-
nated with BCG at 4-6 weeks of age (n=20). In these calves,
only one animal failed to induce a SICCT PPD-B biased
skin-test, response confirming the strong tuberculin skin-test
sensitisation of BCG vaccination (FIG. 4). In contrast, the
defined protein cocktail did not induce a response in any of
these vaccinates. Protein cocktail and SICCT responses mea-
sured in either the naturally infected or BCG vaccinated cattle
were used to generate ROC curves to provide estimates of
DIVA skin-test sensitivity and specificity. Table 1 sum-
marises the sensitivity and specificity estimates for a SICCT
cut-off of >2 mm and >4 mm since these represent operational
‘severe’ and ‘standard’ test cut-offs used in UK surveillance
operations. Also shown are the performance figures for
SICCT and protein cocktail test cut-offs that provide 100%
DIVA specificity for the respective tests.

TABLE 1

DIVA sensitivity and specificity ROC estimates for
SICCT and defined protein cocktail based skin-tests

Cut- Sensi- Speci-  Area
Diagnostic off tivity® ficity”  under
Antigen (mm) (%) (%) curve  95% CI
SICCT (PPD B-A) >2 100 150 0.899  0.817
0.981
SICCT (PPD B-A) >4 94.1 40.0  0.899  0.817
0.981
SICCT (PPD B-A) >10 55.9 100 0.899  0.817
0.981
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TABLE 1-continued

DIVA sensitivity and specificity ROC estimates for
SICCT and defined protein cocktail based skin-tests

Cut- Sensi- Speci-  Area
Diagnostic off tivity® ficity’  under
Antigen (mm) (%) (%) curve  95% CI
Protein cocktail® >1 73.6 100 0.882  0.791-
0.974

“Sensitivity determined using diseased confirmed SICCT ‘reactor’ naturally infected cattle
n =34).

Specificity determined using disease free cattle, BCG-vaccinated calves (n = 20).
“Protein cocktail comprising 10 ug each of ESAT-6 (SEQ ID NO: 36), CFP-10 (SEQIDNO:

35), MPB70 (SEQ ID NO: 39) and MPB&3 (SEQ ID NO: 37).

Optimisation of Defined Skin-Test Reagents Including the
Use of Rv3615c¢ and Synthetic Polypeptides

In vitro assessment of the capacity of the constituent pro-
tein cocktail antigens to induce IFN-y suggested the immun-
odominance of ESAT-6 and CFP-10 (FIG. 2). Therefore, the
additive benefit of the inclusion of MPB70 and MPBS83 to a
cocktail already containing ESAT-6 and CFP-10 was investi-
gated. In a group of 12 previously untested naturally infected
cattle, all of which induced positive SICCT responses (data
not shown), 6/12 cattle induced a response to the cocktail
containing all 4 antigens (1-6 mm responses) whilst only 3 of
these cattle responded to the cocktail containing only ESAT-6
and CFP-10 (2, 3 and 6 mm responses). Although the differ-
ence in responder frequency was not significant, the result did
indicate an additive benefit of including MPB70 and/or
MPBS3 to the cocktail.

To determine if the inclusion of both MPB83 and MPB70
was required for optimal skin responses, protein cocktails
formulated with and without MPB70 were tested in a further
13 naturally infected cattle. Additionally, this experiment was
used as an opportunity to evaluate two novel defined antigen
formulations. Firstly, a protein cocktail containing Rv3615c,
a recently identified DIVA antigen which can identify M.
bovis infected cattle that are unresponsive to ESAT-6 or CFP-
10(W02009/060184 and Sidders et al. (2008) Infect. Immun.
vol. 76 pp 3932-9). Secondly, a synthetic polypeptide cocktail
comprising overlapping polypeptides of ESAT-6 and CFP-
10. The results are shown in FIG. 5, in which responses
measured at 72 hours for each animal are represented by an
open circle, the horizontal line provides the mean (+SEM)
with results expressed as the difference in skin thickness
(mm) between the pre and post skin-test readings. Statistical
difference between responses induced by the defined protein
and polypeptide cocktails was determined using ANOVA
(*** p<0.001).

The inclusion of MPB70 demonstrated no improvement in
the responder frequency or magnitude of skin-reactions in
these cattle, compared with those responses induced by the
ESAT6, CFP-10 and MPB83 containing cocktail (FIG. 5). In
contrast, the addition of Rv3615c¢ increased responder fre-
quency from 10/13 to 13/13 and also resulted in significantly
stronger responses (FIG. 5). Protein combinations of ESAT-6
(E6), CFP-10 (C10), MPB70, MPB83 (83) and/or Rv3615¢
were all tested at 10 g per constituent protein.

The ESAT-6 and CFP-10 (E6/C10) polypeptide cocktail
included 21 polypeptides (SEQ ID NOs:1-21) at a concentra-
tion of 10 pg per polypeptide. As FIG. 5 shows, the ESAT-6/
CFP-10 polypeptide cocktail induces responses in 11/13
cattle thus demonstrating their potential as skin-test antigens.

The skin-test contribution of the individual antigens
present in the protein cocktail comprising ESAT-6, CFP-10,
MPB83 and Rv3615¢ was then investigated. The evaluation
of synthetic polypeptide combinations was extended by test-
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ing a cocktail of polypeptides derived from CFP-10 (SEQ ID
NOs:1-10), ESAT-6 (SEQ ID NOs:11-21), MPB83 (SEQ ID
NO:22) and Rv3615¢ (SEQ ID NOs:31, 32 & 34). These
reagents were tested in 12 reactor cattle that were selected
from those used in the previous 2 experiments. All 9 animals
that responded to any single antigen recognised CFP-10 (cut-
off for positivity >1 mm) whilst 7, 3, and 2 responded to
ESAT-6, MPB83 and Rv3615c respectively (FIG. 6). In FIG.
6, reactions measured at 72 hours for each animal are repre-
sented by an open circle, the horizontal line provides the
mean (+SEM) with results expressed as the difference in skin
thickness (mm) between the pre and post skin-test readings.

The combined protein cocktail provided maximal
responder frequency and reaction size, including in 3 animals
that failed to respond to any of the individual proteins.
Encouragingly, the polypeptide cocktail induced responses in
10/12 of these cattle as shown in FIG. 6.

The specificity of the protein combination of ESAT-6,
CFP-10, MPB83 and Rv3615c, as used above, was evaluated
in 14 new naive cattle and 19 of the BCG neo-natally vacci-
nated calves previously tested. The protein cocktail did not
induce responses in any of these naive or vaccinated cattle.
Whilst 16/19 of the BCG vaccinates still demonstrated a
PPD-B biased IFN-y response at this time ([PPD-B]-[PPD-
A]>0.10D,5q,,,., datanot shown), it should be noted however
that only 3/19 of the BCG vaccinates still elicited PPD-B
biased skin reaction at this test, due to the extended period of
nearly 12 months following neo-natal vaccination at this time
(data not shown). Therefore, the use of the cocktail provides
amore specific assay even after an extended period ofup to 12
months post-vaccination.

The inventors also evaluated the skin-test performance of
an ESAT-6/CFP-10 based diagnostic polypeptide cocktail
that additionally includes 11 Rv3615c¢ polypeptides disclosed
in WO2009/060184 (SEQ ID NOs:23-33).

These 11 polypeptides provide fully overlapping coverage
of residues 1-100 of the Rv3615c protein sequence. There-
fore, the polypeptides in the cocktail were SEQ ID NOs:1-21
and 23-33. Skin-test responses were measured in SICCT-test
positive (reactor) cattle (n=15). These animals were previ-
ously recruited from UK farms during routine TB surveil-
lance operations. Skin reactions were measured 3 days fol-
lowing intradermal injection of antigens (100 ul injection
volume). Each of the polypeptide cocktails contained an
administered dose of 10 ng of each component polypeptide.

The increase in skin thickness 3 days following adminis-
tration of antigens is shown in FIG. 7. All animals had SICCT
positive skin-test. The addition of the 11 Rv3615c¢ polypep-
tides to an ESAT-6/CFP-10 polypeptide-based cocktail
resulted in significantly stronger skin-test responses com-
pared with the cocktail containing polypeptides of ESAT6
and CFP10 alone (p=0.018, paired t-test).

Finally, the inventors determined that the optimal combi-
nation of epitope polypeptides (proteins or epitope polypep-
tide fragments) was ESAT-6, CFP-10 and Rv3615c. As can be
seen in FIG. 8, no additional sensitivity of the skin test was
achieved by the further inclusion of the protein MPBS83.

Discussion

Previous investigations on the use of defined bovine skin-
test reagents suggested that either immunomodulating
reagents (Whelan et al. (2003) Infect. Immun. vol. 71 pp
6420-5) or high antigen doses (2400 ug) (Pollock et al. (2003)
J. Clin. Microbiol. vol. 41 pp 1856-60) might be required to
provide sensitive skin-responses. It is therefore surprising
that the current work demonstrated antigen specific skin-
reactions in 78% of SICCT reactor cattle when using a pro-
tein-antigen combination of ESAT-6, CFP-10, MPB70 and
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MPB83, using an administered concentration of 10 ug per
protein Importantly, this is a dose considered to be realistic
for practical field applications. Furthermore, this skin-test
cocktail was highly specific, eliciting no response in either
naive or BCG vaccinated calves. This is the first time that the
DIVA potential of defined skin-test antigens has been dem-
onstrated in BCG vaccinated/M. bovis infected cattle.

Assessment of the in vitro recognition of the individual
antigens in the initial protein cocktail showed that MPB70
and MPB83 had poor IFN-y inducing capacity in comparison
with ESAT-6 and CFP-10. Therefore, despite their sub-domi-
nant in vitro immunogenicity in cattle, it is surprising that
their inclusion in the skin-test cocktail increased the skin-test
responder frequency compared with using only ESAT-6 and
CFP-10. In mice, it has been shown that during a DTH (de-
layed-type hypersensitivity) response, there must first be an
early initiation phase which is required to recruit antigen
specific T-cells which then propagate the classical late phase
inflammatory response (van Loveren et al. (1983) J. Exp.
Med. vol. 157 pp 1604-17). Furthermore, the antigens that
induce the initiation and effector stages can be different (Ptak
et al. (1986) J. Immunol. vol. 136 pp 1564-70). Therefore,
without being bound by theory, it is possible that sub-domi-
nant effector T-cell antigens such as MPB70 and MPB83
might still have a role in promoting reaction-initiation,
thereby helping to elicit a better response to dominant effector
antigens such as ESAT-6 and CFP-10.

Further optimisation of the skin-test protein cocktail dem-
onstrated that the inclusion of MPB70 had no additional
benefit over the use of MPB83. However, the addition of
Rv3615c¢ to a protein cocktail containing ESAT-6, CFP-10
and MPBS83 did result in a significant improvement in skin-
test responses and proved to be the most optimal antigen
combination tested. The diagnostic potential of Rv3615c has
only recently been identified, having been found to be recog-
nised by infected cattle which did not respond to either
ESAT-6 or CFP-10 (W02009/060184 and Sidders et al.
(2008) Infect. Immun. vol. 76 pp 3932-9). The present dem-
onstration that it can also contribute to improved skin-test
responses without compromising specificity further confirms
its diagnostic importance. Furthermore, the inventors have
shown that the advantages described herein are obtained
using a combination of ESAT-6, CFP-10 and Rv3615¢, with
inclusion of MPB83 not being necessary for optimal skin test
sensitivity when all three of the proteins (or epitope polypep-
tide fragments) are included.

An important practical advantage of synthetic polypep-
tides compared to recombinant proteins as diagnostic anti-
gens is that, being chemically synthesised, quality control is
more easily standardised. The practical application of syn-
thetic polypeptides as bovine TB DIVA reagents using [FN-y
based blood assays (Vordermeier et al. (2001) Clin. Diagn.
Lab. Immunol. vol. 8 pp 571-8) has previously been demon-
strated and, similarly, they have also been applied for human
TB diagnosis (Arend et al. (2000) J. Infect. Dis. vol. 181 pp
1850-4; Lalvani et al. (2001) J. Infect. Dis. vol. 183 pp 469-
77). However, this is the first report demonstrating the poten-
tial of these protein fragment polypeptides as TB skin-test
antigens in cattle. This data provides a basis for future opti-
misation and improvement of a polypeptide based skin-test.

In considering why the results of previous ESAT-6 based
cattle skin-test studies looked less promising than the current
data (Pollock et al. (2003) J. Clin. Microbiol. vol. 41 pp
1856-60; Whelan et al. (2003) Infect. Immun. vol 71 pp
6420-5), one explanation is likely to be the inclusion of CFP-
10, which has not previously been evaluated as a bovine
skin-test antigen. Notably, skin-test responses induced by the
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individual protein antigens showed CFP-10 to be the most
potent defined antigen. Furthermore, the use of antigen com-
binations demonstrated clear sensitivity benefits in the cur-
rent study and will also have contributed to the improved
responses compared with the previous use of ESAT-6 alone
(Pollock et al. (2003) J. Clin. Microbiol. vol. 41 pp 1856-60;
Whelan et al. (2003) Infect. Immun. vol 71 pp 6420-5). When
comparing cellular responses induced by recombinant pro-
tein antigens, the presence of contamination endotoxin
should also be considered. However, it is unlikely that immu-
nomodulation from possible endotoxin contamination can
explain the potent responses to the protein antigens in the
current study, since skin-reactions were also induced by the
synthetic polypeptides which are endotoxin-free.

Pollock et al. also demonstrated that PPD-induced bovine
skin reactions were maximal at 72 hours whilst the response
to ESAT-6 was often greatest at 96 hours (Pollock et al. (2003)
J. Clin. Microbiol. vol. 41 pp 1856-60). The present data
confirmed 72 hours to be optimal for the measurement of the
SICCT response (FIG. 1) and increases in the protein-cocktail
responder frequency were also observed when reactions were
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read at 96 or 120 hours, such that responder frequency
increased from 29/37, to 31/37 and then 32/37 for the 72, 96
and 120 hour time-points respectively. However, the increase
in responder frequency was not significant (data not shown)
and there was no increase in the magnitude of comparative
responses. Since highly specific reactions were observed in
the majority of animals at 72 hours using the optimised
defined cocktails, measuring responses at this time point has
the practical benefit of allowing the option of testing defined
antigens and PPD in parallel and then reading the reaction on
the same day.

Although the present invention has been described with
reference to exemplary embodiments, those skilled in the art
will recognise that various modifications and variations to the
same can be accomplished without departing from the spirit
and scope of the present invention and that such modifications
are clearly contemplated herein. No limitation with respect to
the specific embodiments disclosed herein and set forth in the
appended claims is intended nor should any be inferred.

All documents cited herein are incorporated by reference
in their entirety.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 39
<210>
<211>
<212>
<213>
<220>

<223>

SEQ ID NO 1

LENGTH: 18

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

<400> SEQUENCE: 1

OTHER INFORMATION: Fragment of full length protein

Met Ala Glu Met Lys Thr Asp Ala Ala Thr Leu Ala Gln Glu Ala Gly

1 5 10

Asn Phe

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 2

LENGTH: 16

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

<400> SEQUENCE: 2

15

OTHER INFORMATION: Fragment of full length protein

Gln Glu Ala Gly Asn Phe Glu Arg Ile Ser Gly Asp Leu Lys Thr Gln

1 5 10

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 3

LENGTH: 18

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

<400> SEQUENCE: 3

15

OTHER INFORMATION: Fragment of full length protein

Glu Arg Ile Ser Gly Asp Leu Lys Thr Gln Ile Asp Gln Val Glu Ser

1 5 10

Thr Ala

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 4

LENGTH: 17

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

15

OTHER INFORMATION: Fragment of full length protein
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-continued

18

<400> SEQUENCE: 4

Ile Asp Gln Val Glu Ser Thr Ala Gly Ser Leu Gln Gly Gln Trp Arg
1 5 10 15

Gly

<210> SEQ ID NO 5

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Fragment of full length protein

<400> SEQUENCE: 5

Gly Ser Leu Gln Gly Gln Trp Arg Gly Ala Ala Gly Thr Ala Ala Gln
1 5 10 15

Ala Ala

<210> SEQ ID NO 6

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Fragment of full length protein

<400> SEQUENCE: 6

Ala Gly Thr Ala Ala Gln Ala Ala Val Val Arg Phe Gln Glu Ala Ala
1 5 10 15

Asn Lys

<210> SEQ ID NO 7

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Fragment of full length protein

<400> SEQUENCE: 7

Val Val Arg Phe Gln Glu Ala Ala Asn Lys Gln Lys Gln Glu Leu Asp
1 5 10 15

Glu Ile

<210> SEQ ID NO 8

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Fragment of full length protein

<400> SEQUENCE: 8

Gln Lys Gln Glu Leu Asp Glu Ile Ser Thr Asn Ile Arg Gln Ala Gly
1 5 10 15

Val Gln Tyr Ser
20

<210> SEQ ID NO 9

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Fragment of full length protein

<400> SEQUENCE: 9
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-continued

20

Asn Ile Arg Gln Ala Gly Val Gln Tyr Ser Arg Ala Asp Glu Glu Gln

1 5 10 15
Gln Gln

<210> SEQ ID NO 10

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Fragment of full length protein
<400> SEQUENCE: 10

Arg Ala Asp Glu Glu Gln Gln Gln Ala Leu Ser Ser Gln Met Gly Phe

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

5 10 15

SEQ ID NO 11

LENGTH: 16

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Fragment of full length protein

SEQUENCE: 11

Met Thr Glu Gln Gln Trp Asn Phe Ala Gly Ile Glu Ala Ala Ala Ser

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

5 10 15

SEQ ID NO 12

LENGTH: 16

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Fragment of full length protein

SEQUENCE: 12

Ala Gly Ile Glu Ala Ala Ala Ser Ala Ile Gln Gly Asn Val Thr Ser

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

5 10 15

SEQ ID NO 13

LENGTH: 16

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Fragment of full length protein

SEQUENCE: 13

Ala Ile Gln Gly Asn Val Thr Ser Ile His Ser Leu Leu Asp Glu Gly

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

5 10 15

SEQ ID NO 14

LENGTH: 16

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Fragment of full length protein

SEQUENCE: 14

Ile His Ser Leu Leu Asp Glu Gly Lys Gln Ser Leu Thr Lys Leu Ala

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

5 10 15

SEQ ID NO 15

LENGTH: 16

TYPE: PRT

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Fragment of full length protein

SEQUENCE: 15



US 9,050,361 B2
21

-continued

22

Lys Gln Ser Leu Thr Lys Leu Ala Ala Ala Trp Gly Gly Ser Gly Ser
1 5 10 15

<210> SEQ ID NO 16

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Fragment of full length protein

<400> SEQUENCE: 16

Ala Ala Trp Gly Gly Ser Gly Ser Glu Ala Tyr Gln Gly Val Gln Gln
1 5 10 15

<210> SEQ ID NO 17

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Fragment of full length protein

<400> SEQUENCE: 17

Glu Ala Tyr Gln Gly Val Gln Gln Lys Trp Asp Ala Thr Ala Thr Glu
1 5 10 15

<210> SEQ ID NO 18

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Fragment of full length protein

<400> SEQUENCE: 18

Lys Trp Asp Ala Thr Ala Thr Glu Leu Asn Asn Ala Leu Gln Asn Leu
1 5 10 15

<210> SEQ ID NO 19

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Fragment of full length protein

<400> SEQUENCE: 19

Leu Asn Asn Ala Leu Gln Asn Leu Ala Arg Thr Ile Ser Glu Ala Gly
1 5 10 15

<210> SEQ ID NO 20

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Fragment of full length protein

<400> SEQUENCE: 20

Ala Arg Thr Ile Ser Glu Ala Gly Gln Ala Met Ala Ser Thr Glu Gly
1 5 10 15

<210> SEQ ID NO 21

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Fragment of full length protein

<400> SEQUENCE: 21
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-continued

24

Gln Ala Met Ala Ser Thr Glu Gly Asn Val Thr Gly Met Phe Ala

1

<210>
<211>
<212>
<213>
<220>
<223>

<400>

1

5

SEQ ID NO 22

LENGTH: 20

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

10

15

OTHER INFORMATION: Fragment of full length protein

SEQUENCE: 22

Ile Asp Thr Val

<210>
<211>
<212>
<213>
<220>
<223>

<400>

20

SEQ ID NO 23

LENGTH: 20

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

10

Gly Leu Val Cys Gly Gly Val His Thr Ala Asn Ala Thr Val Tyr Met
5

15

OTHER INFORMATION: Fragment of full length protein

SEQUENCE: 23

Met Thr Glu Asn Leu Thr Val Gln Pro Glu Arg Leu Gly Val Leu Ala

1

5

Ser His His Asp

<210>
<211>
<212>
<213>
<220>
<223>

<400>

20

SEQ ID NO 24

LENGTH: 20

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

10

15

OTHER INFORMATION: Fragment of full length protein

SEQUENCE: 24

Pro Glu Arg Leu Gly Val Leu Ala Ser His His Asp Asn Ala Ala Val

1

5

Asp Ala Ser Ser

<210>
<211>
<212>
<213>
<220>
<223>

<400>

20

SEQ ID NO 25

LENGTH: 20

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

10

15

OTHER INFORMATION: Fragment of full length protein

SEQUENCE: 25

Ser His His Asp Asn Ala Ala Val Asp Ala Ser Ser Gly Val Glu Ala

1

5

Ala Ala Gly Leu

<210>
<211>
<212>
<213>
<220>
<223>

<400>

20

SEQ ID NO 26

LENGTH: 20

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE:

10

15

OTHER INFORMATION: Fragment of full length protein

SEQUENCE: 26

Asp Ala Ser Ser Gly Val Glu Ala Ala Ala Gly Leu Gly Glu Ser Val

1

5

10

15
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-continued

26

Ala Ile Thr His
20

<210> SEQ ID NO 27

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Fragment of full length protein

<400> SEQUENCE: 27

Ala Ala Gly Leu Gly Glu Ser Val Ala Ile Thr His Gly Pro Tyr Cys
1 5 10 15

Ser Gln Phe Asn
20

<210> SEQ ID NO 28

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Fragment of full length protein

<400> SEQUENCE: 28

Ala Ile Thr His Gly Pro Tyr Cys Ser Gln Phe Asn Asp Thr Leu Asn
1 5 10 15

Val Tyr Leu Thr
20

<210> SEQ ID NO 29

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Fragment of full length protein

<400> SEQUENCE: 29

Ser Gln Phe Asn Asp Thr Leu Asn Val Tyr Leu Thr Ala His Asn Ala
1 5 10 15

Leu Gly Ser Ser
20

<210> SEQ ID NO 30

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Fragment of full length protein

<400> SEQUENCE: 30

Val Tyr Leu Thr Ala His Asn Ala Leu Gly Ser Ser Leu His Thr Ala
1 5 10 15

Gly Val Asp Leu
20

<210> SEQ ID NO 31

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Fragment of full length protein

<400> SEQUENCE: 31

Leu Gly Ser Ser Leu His Thr Ala Gly Val Asp Leu Ala Lys Ser Leu
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-continued

1 5 10 15

Arg Ile Ala Ala
20

<210> SEQ ID NO 32

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Fragment of full length protein

<400> SEQUENCE: 32

Gly Val Asp Leu Ala Lys Ser Leu Arg Ile Ala Ala Lys Ile Tyr Ser
1 5 10 15

Glu Ala Asp Glu
20

<210> SEQ ID NO 33

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Fragment of full length protein

<400> SEQUENCE: 33

Arg Ile Ala Ala Lys Ile Tyr Ser Glu Ala Asp Glu Ala Trp Arg Lys
1 5 10 15

Ala Ile Asp Gly
20

<210> SEQ ID NO 34

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Fragment of full length protein

<400> SEQUENCE: 34

Ala Lys Ile Tyr Ser Glu Ala Asp Glu Ala Trp Arg Lys Ala Ile Asp
1 5 10 15

Gly Leu Phe Thr
20

<210> SEQ ID NO 35

<211> LENGTH: 100

<212> TYPE: PRT

<213> ORGANISM: Mycobacterium bovis

<400> SEQUENCE: 35

Met Ala Glu Met Lys Thr Asp Ala Ala Thr Leu Ala Gln Glu Ala Gly
1 5 10 15

Asn Phe Glu Arg Ile Ser Gly Asp Leu Lys Thr Gln Ile Asp Gln Val
20 25 30

Glu Ser Thr Ala Gly Ser Leu Gln Gly Gln Trp Arg Gly Ala Ala Gly
35 40 45

Thr Ala Ala Gln Ala Ala Val Val Arg Phe Gln Glu Ala Ala Asn Lys
50 55 60

Gln Lys Gln Glu Leu Asp Glu Ile Ser Thr Asn Ile Arg Gln Ala Gly
65 70 75 80

Val Gln Tyr Ser Arg Ala Asp Glu Glu Gln Gln Gln Ala Leu Ser Ser
85 90 95
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-continued

Gln Met Gly Phe
100

<210> SEQ ID NO 36

<211> LENGTH: 95

<212> TYPE: PRT

<213> ORGANISM: Mycobacterium bovis

<400> SEQUENCE: 36

Met Thr Glu Gln Gln Trp Asn Phe Ala Gly Ile Glu Ala Ala Ala Ser
1 5 10 15

Ala Ile Gln Gly Asn Val Thr Ser Ile His Ser Leu Leu Asp Glu Gly
20 25 30

Lys Gln Ser Leu Thr Lys Leu Ala Ala Ala Trp Gly Gly Ser Gly Ser
35 40 45

Glu Ala Tyr Gln Gly Val Gln Gln Lys Trp Asp Ala Thr Ala Thr Glu
50 55 60

Leu Asn Asn Ala Leu Gln Asn Leu Ala Arg Thr Ile Ser Glu Ala Gly
65 70 75 80

Gln Ala Met Ala Ser Thr Glu Gly Asn Val Thr Gly Met Phe Ala
85 90 95

<210> SEQ ID NO 37

<211> LENGTH: 220

<212> TYPE: PRT

<213> ORGANISM: Mycobacterium bovis

<400> SEQUENCE: 37

Met Ile Asn Val Gln Ala Lys Pro Ala Ala Ala Ala Ser Leu Ala Ala
1 5 10 15

Ile Ala Ile Ala Phe Leu Ala Gly Cys Ser Ser Thr Lys Pro Val Ser
20 25 30

Gln Asp Thr Ser Pro Lys Pro Ala Thr Ser Pro Ala Ala Pro Val Thr
35 40 45

Thr Ala Ala Met Ala Asp Pro Ala Ala Asp Leu Ile Gly Arg Gly Cys
Ala Gln Tyr Ala Ala Gln Asn Pro Thr Gly Pro Gly Ser Val Ala Gly
65 70 75 80

Met Ala Gln Asp Pro Val Ala Thr Ala Ala Ser Asn Asn Pro Met Leu
85 90 95

Ser Thr Leu Thr Ser Ala Leu Ser Gly Lys Leu Asn Pro Asp Val Asn
100 105 110

Leu Val Asp Thr Leu Asn Gly Gly Glu Tyr Thr Val Phe Ala Pro Thr
115 120 125

Asn Ala Ala Phe Asp Lys Leu Pro Ala Ala Thr Ile Asp Gln Leu Lys
130 135 140

Thr Asp Ala Lys Leu Leu Ser Ser Ile Leu Thr Tyr His Val Ile Ala
145 150 155 160

Gly Gln Ala Ser Pro Ser Arg Ile Asp Gly Thr His Gln Thr Leu Gln
165 170 175

Gly Ala Asp Leu Thr Val Ile Gly Ala Arg Asp Asp Leu Met Val Asn
180 185 190

Asn Ala Gly Leu Val Cys Gly Gly Val His Thr Ala Asn Ala Thr Val
195 200 205

Tyr Met Ile Asp Thr Val Leu Met Pro Pro Ala Gln
210 215 220
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-continued

32

<210> SEQ ID NO 38

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Mycobacterium bovis

PRT

<400> SEQUENCE:

Met

1

Ser

Ala

Ser

Leu

65

Arg

Ala

Thr

His

Ala

Gln

50

Gly

Ile

Ile

Glu

His

Gly

35

Phe

Ser

Ala

Asp

Asn

Asp

20

Leu

Asn

Ser

Ala

Gly
100

103

38

Leu Thr

Asn Ala

Gly Glu

Asp Thr

Leu His

70

Lys Ile
85

Leu Phe

<210> SEQ ID NO 39

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Mycobacterium bovis

PRT

<400> SEQUENCE:

Met

1

Leu

Leu

Pro

Ser

65

Leu

Thr

Thr

Thr

Thr

145

Asn

Thr

Ala

Lys

Ala

Val

Ala

50

Asn

Asn

Val

Ile

Tyr

130

Arg

Ser

Ala

Val

Ala

Gly

35

Ser

Asn

Pro

Phe

Asp

115

His

Gln

Leu

Asn

Lys

Leu

20

Pro

Val

Pro

Gln

Ala

100

Glu

Val

Thr

Lys

Ala
180

193

39

Asn Thr

Ala Val

Gly Cys

Gln Gly

Glu Leu
70

Val Asn
85

Pro Thr

Leu Lys

Val Ala

Leu Gln
150

Val Gly
165

Thr Val

Val

Ala

Ser

Leu

55

Thr

Tyr

Thr

Ile

Ala

Ala

Met

55

Thr

Leu

Asn

Thr

Gly

135

Gly

Asn

Tyr

Gln

Val

Val

40

Asn

Ala

Ser

Ala

Val

Glu

40

Ser

Thr

Val

Ala

Asn

120

Gln

Ala

Ala

Met

Pro

Asp

25

Ala

Val

Gly

Glu

Ala

Ser

25

Tyr

Gln

Leu

Asp

Ala

105

Ser

Thr

Ser

Asp

Ile
185

Glu

10

Ala

Ile

Tyr

Val

Ala
90

Thr

10

Pro

Ala

Asp

Thr

Thr

90

Phe

Ser

Ser

Val

Val

170

Asp

Arg

Ser

Thr

Leu

Asp

75

Asp

Ser

Pro

Ala

Pro

Ala

75

Leu

Ser

Leu

Pro

Thr

155

Val

Ser

Leu

Ser

His

Thr

60

Leu

Glu

Phe

Ala

Ala

Val

60

Ala

Asn

Lys

Leu

Ala

140

Val

Cys

Val

Gly

Gly

Gly

45

Ala

Ala

Ala

Ala

Ala

Asn

45

Ala

Leu

Ser

Leu

Thr

125

Asn

Thr

Gly

Leu

Val

Val

30

Pro

His

Lys

Trp

Ala

Ala

30

Pro

Val

Ser

Gly

Pro

110

Ser

Val

Gly

Gly

Met
190

Leu

15

Glu

Tyr

Asn

Ser

Arg
95

Ala

15

Gly

Thr

Ala

Gly

Gln

95

Ala

Ile

Val

Gln

Val

175

Pro

Ala

Ala

Cys

Ala

Leu

80

Lys

Gly

Asp

Gly

Ala

Gln

80

Tyr

Ser

Leu

Gly

Gly

160

Ser

Pro
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The invention claimed is:

1. A method for detecting Mycobacterium bovis or Myco-
bacterium tuberculosis infection in an animal comprising the
steps of:

(a) selecting an administration site on the skin of an animal;

(b) measuring the skin induration at the site to determine
skin thickness;

(c) interdermally administering at the administration site a
skin test diagnostic reagent comprising at least one CFP-
10 epitope polypeptide, at least one ESAT-6 epitope
polypeptide and at least one Rv3615¢ epitope polypep-
tide, characterised in that the reagent elicits a positive
result at the administration site when administered in a
skin test to an animal infected with Mycobacterium
bovis or Mycobacterium tuberculosis;

(d) measuring the skin induration at the administration site
72 hours after completion of step (c) to determine skin
thickness, optionally also at 96 hours and 120 hours after
completion of step (c);

(e) determining the difference in skin thickness between
the measurements from steps (b) and (d);

(f) wherein an animal showing increased skin thickness in
step (d) compared to step (b) is identified as being
infected with Mycobacterium bovis or Mycobacterium
tuberculosis.

2. The method according to claim 1, wherein said reagent
comprises one or more of the polypeptides having amino acid
sequences SEQ ID NOs:35, 36 and 38.

3. The method according to claim 1, wherein said reagent
comprises one or more polypeptides having amino acid
sequences SEQ ID NOs:1-10.

4. The method according to claim 1, wherein said reagent
comprises one or more polypeptides having amino acid
sequences SEQ ID NOs:11-21.

5. The method according to claim 1, wherein said reagent
comprises one or more polypeptides having amino acid
sequences SEQ ID NOs:23-34.

6. The method according to claim 1, wherein said reagent
further comprises at least one MPBS83 epitope polypeptide.

7. The method according to claim 6, wherein said reagent
comprises a polypeptide having amino acid sequence SEQ ID
NO:37.

8. The method according to claim 6, wherein said reagent
comprises a polypeptide having amino acid sequence SEQ ID
NO:22.

9. The method according to claim 1, wherein said reagent
comprises at least one polypeptide having amino acid
sequence SEQ ID NO:33 or 34.

10. The method according to claim 1, wherein said reagent
comprises the polypeptides having amino acid sequences
SEQ ID NOs:31, 32 and 34.
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11. The method according to claim 1, wherein said reagent
comprises the polypeptides having amino acid sequence SEQ
1D NOs:23-33.

12. The method according to claim 1, wherein said reagent
comprises the polypeptides having amino acid sequence SEQ
1D NOs:23-34.

13. The method of claim 1, wherein the diagnostic reagent
is in liquid form and is in at least one aliquot of 0.05-0.15 ml
comprising 1-15 pg of each polypeptide.

14. The method according to claim 13, wherein the diag-
nostic reagent is able to differentiate between a Mycobacte-
rium bovis or Mycobacterium tuberculosis infected mammal
and a mammal vaccinated against infection by a Mycobacte-
rium bovis or Mycobacterium tuberculosis.

15. The method according to claim 13, wherein each ali-
quot is contained in a disposable injection device.

16. The method of claim 1, wherein the diagnostic reagent
is in liquid form and is in at least one aliquot of 0.1 ml
comprising 10 pg of each polypeptide.

17. A method for detecting Mycobacterium bovis or Myco-
bacterium tuberculosis infection in an animal comprising

(a) measuring the skin induration at skin test site to deter-
mine skin thickness prior to injection;

(b) interdermally injecting a skin test diagnostic reagent
comprising at least one CFP-10 epitope polypeptide, at
least one ESAT-6 epitope polypeptide and at least one
Rv3615c epitope polypeptide, characterised in that the
reagent elicits a positive result when administered in a
skin test to an animal infected with Mycobacterium
bovis or Mycobacterium tuberculosis at the skin test site;

(c) measuring the skin induration at the injection site
72-120 hours after completion of step (b) to determine
skin thickness;

(d) determining the difference in skin thickness between
the measurements from steps (a) and (c);
wherein an animal showing increased skin thickness in

step (c) compared to step (a) is identified as being
infected with Mycobacterium bovis or Mycobacte-
rium tuberculosis.

18. The method of claim 17, wherein the diagnostic reagent
is in liquid form and included is in at least one aliquot of
0.05-0.15 ml comprising 1-15 pg of each polypeptide.

19. The method of claim 17, wherein the diagnostic reagent
elicits significant skin thickening in animals infected with
Mycobacterium bovis or Mycobacterium tuberculosis.

20. The method of claim 17, wherein the diagnostic reagent
does not elicit significant skin thickening in animals vacci-
nated against Mycobacterium bovis or Mycobacterium tuber-
culosis.

21. The method of claim 17, wherein the diagnostic reagent
is in liquid form and is in at least one aliquot of 0.1 ml
comprising 10 pg of each polypeptide.
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